We present the analysis of the spectra of 62 galaxies in 15 compact groups.
Introduction
One of the most important problems in cosmology concerns the formation and evolution of galaxies. Recent works support the hierarchical galaxy formation theory, where massive galaxies form by subsequent mergers of smaller mass of gas and star systems (Larson 1990; Clements & Couch 1996; Baugh et al. 1996; Rauch, Haehnelt & Steinmetz 1997) . Although the details are still largely missing, it seems that the starburst phenomenon could be an important phase of this process (Sofue & Habe 1992; Kennicutt 1994; Clements & Couch 1996; Cowie et al. 1996; Simard & Pritchet 1997; Lowenthal et al. 1997; Coziol et al. 1997a ).
In the starburst-interaction scenario, tidal forces produced by interaction are sufficient to trigger global bursts of star formation resulting in changes of the stellar populations, chemical abundances and even morphologies of the galaxies (Toomre & Toomre 1972; Tinsley & Larson 1980; Kauffmann et al. 1996; Lavery et al. 1996; Neuschaefer, Ratnatunga & Griffiths 1997; Coziol 1997) . By considering various mechanisms for transferring matter down to the nucleus of the galaxies, one could extend the starburst-interaction scenario to include the formation and evolution of AGNs (Weedman 1983; Sanders et al. 1988; Carlberg 1990; Omont et al. 1996; Bahcall et al. 1997) .
A natural consequence of the starburst-interaction scenario is that the evolution of galaxies should depend on the environment in a systematic way, being more effective in a dense, low-velocity dispersion region. One of the most important piece of evidence supporting the environment dependence is the segregation of morphologies observed in galaxy clusters (Dressler 1980) . It is not clear however, how and when this distinction occurs. Although cluster ellipticals seem to be old and quietly evolving galaxies (Schade, Barrientos & Lopez-Cruz 1997; Ellis et al. 1997; Bender et al. 1997) , the history of the cluster spiral galaxies could be much different, experiencing more evolution until a recent epoch (Butcher & Oemler 1978; Larson, Tinsley & Caldwell 1980; Caldwell & Rose 1997; -5 -Stein 1997; Abraham et al. 1997; .
In this context of the formation and evolution of galaxies, Hickson's Compact Groups (HCGs) of galaxies (Hickson 1982) are somehow puzzling. These groups combine high spatial densities and small velocity dispersions suggesting rapid merging rates and possibly enhanced star formation and nuclear activity (Hickson 1990; Rubin et al. 1991 ). Yet, the merging rates seem to be lower than that expected from the observed crossing times (Zepf & Whitmore 1991; Zepf 1993 ) and the star formation and AGN activity are at a relatively low level (Coziol et al. 1997b , hereafter Paper 1; Leon et al. 1998; Verdes-Montenegro et al. 1998) . As an alternative, it was suggested that the HCGs are the result of chance alignments of galaxies in larger structures (Mamon 1994; Ostriker et al. 1995) . But, this hypothesis seems to be ruled out based on the most recent X-ray survey which suggests that as much as 75% of these systems present extended emission from hot intragroup gas (Ponmam et al. 1996) .
A more satisfactory answer to the ambiguities presented by the HCGs comes from a new spectroscopic survey of galaxies performed by de Carvalho et al. (1997) . The dynamical analysis based on this survey (Ribeiro et al. 1998; ) reveals that most of the groups are part of larger structures and represent different dynamical stages of evolution. Following the discovery of a significant number of low-luminosity AGNs (LLAGNs) in HCGs, we verified that the core of the groups are dominated by AGNs and galaxies without emission, whereas the starbursts galaxies are mostly at the periphery (Paper 1). From this result, we propose a scenario where the type of activity (AGN or starburst) in galaxies correlates to a morphology-density evolution. The present contribution presents other evidences in favor of this scenario and in support of the idea of a replenishment of the groups by spiral galaxies during their formation. If CGs are physically bound systems evolving on a timescale of 0.1 H −1
• , then the first generation of these -6 -groups was already converted into a field elliptical galaxy. Therefore, some replenishment mechanism must operate in order to keep the number of groups approximately constant (Diafero, Geller & Ramella 1994 Governato, Tozzy & Cavaliere 1996; Ribeiro et al. 1998 ).
Results of the spectral analysis
In order to study the nature of compact groups of galaxies, de obtained the spectra of 316 galaxies in the regions of a selected sample of 17 HCGs, using the ARGUS fiber-fed spectrograph at the 4m CTIO telescope. The details on the instrumental setup and a discussion of the data reduction can be found in de . From this sample, we selected 82 galaxies which have a spectrum with a signal to noise ratio sufficiently high to study their spectral characteristics. Of these galaxies, 28
(34%) present only absorption lines and 54 (66%) present both emission and absorption lines. A first paper (Coziol et al. 1997b ; hereafter Paper I) presented a classification of the activity types of the emission-line galaxies. In the present contribution, we extend our analysis by studying the absorption-line features of the galaxies which are group members.
In Paper I, we have distinguished between the galaxies which are real members of the HCGs from those which are on the foreground or background. We note that many of these "non-group members" could reside in other bound structures (Ribeiro et al. 1998 ). Because our observations on these possible structures are very incomplete, we choose not to include them in the present study. Our final sample is composed of 62 galaxies which are members of 15 compact groups.
In Table 1 , we present the line intensities of the HCG emission-line galaxies. The first column gives the identification of the galaxies following de .
-7 -In columns 2 to 12, the intensities are given relatively to Hα = 100. The uncertainties were determined from Poisson statistics. Errors smaller than 1% are not indicated. The lines were measured by fitting a gaussian profile after the subtraction of a template galaxy spectrum. This technique was applied systematically to correct for the presence of strong Balmer absorption lines observed in a significant fraction of the galaxies in our sample.
Details on how this subtraction was performed can be found in Paper I.
In Table 2 , we summarize the results of our classification of the activity type of the HCG emission-line galaxies as determined in Paper I and list some of their basic characteristics. The B magnitudes in column 2 and the redshifts in column 3 were taken from de . In column 4, we list the absolute magnitudes of the galaxies, The absorption features identified in the spectra of the galaxies were measured by drawing the pseudo continuum at the highest points, using a region ∼ 100Å wide on each side of the line . This method was used because the spectra are not flux calibrated and most of our galaxies are early-type galaxies with a spectrum full of faint absorption lines. For the Balmer lines, we did not use a narrow continuum window definition like in the Lick system (Faber et al. 1989 ) because this method clearly underestimate the equivalent width of broad lines which are numerous in our spectra (Worthey et al. 1994) . We expect our method to yield slightly overestimated EWs and peak intensities as compared to values obtained using the Lick system.
The determination of the Mg2 index follows the definition of Burstein et al. (1984) , -8 -using their windows for the identification of the pseudo continuum. In Jorgensen (1997) we have found 6 HCG galaxies in common with our sample, where the Mg2 index was measured in the Lick system. The values reported by Jorgensen show an offset of -0.11 as compared to ours. This difference probably reflects the fact that Jorgensen's measurements were done with better resolution. Thus, we have taken the offset of -0.11 to correct our Mg2 measurements.
In Tables 3 to 6 , we present the absorption line characteristics of the galaxies exhibiting different activity types. Columns 2 to 9 give the EW of the most prominent absorption features. The mean uncertainty of ±0.5Å was determined by comparing values obtained in two different spectra of the same object. Column 10 gives the ratio of the center of the line intensity of the Ca II H + Hǫ lines to the center of the line intensity of the Ca II K and column 11 gives the Mg 2 index. Table 6 has an extra column which gives the morphological type of the non-emission galaxies.
The nature of the starburst in the HCGs
In Figure 1 , we compare the mean FWHM of the emission-lines identified in the spectra of the galaxies with their Hα+[N II] EWs. On average, the AGNs (that is, the LLAGNs and the luminous AGNs) have smaller EWs and relatively broader FWHM than the starburst galaxies. The AGNs in our sample present FWHM which are within the range of typical observed values (Osterbrock & Mathews 1986) . Some of the starburst galaxies have unusually broad FWHM for H II regions, but comparable to those observed in Luminous Infrared Galaxies (Veilleux et al. 1995) .
Because our spectra are not flux calibrated we cannot determine directly the star formation rates in the HCG starbursts. However, we can get a qualitative estimate of the -9 -level of star formation activity in these galaxies by examining their Hα+[N II] EWs. It is well known, in particular, that galaxies with very high equivalent width (≥ 50Å ) invariably prove to be galaxies undergoing intense star formation (Kennicutt & Kent 1983) . In Figure   2 , we compare the distribution of the Hα+[N II] EWs of the HCG starbursts to those observed in normal spirals (Kennicutt 1983) . The HCG starbursts usually have relatively
high EWs values, suggesting that the star formation in these galaxies is on average more intense than in normal spiral galaxies. This observation is important because it means that we cannot relate the star formation activity in these galaxies to normal star formation occurring in the disk of late-type galaxies. This alternative was recently proposed by Rakos, Maindl & Schombert (1996) to explain the Butcher-Oemler effect in rich clusters of galaxies at higher redshifts. In the HCGs starbursts, the star formation rates seem higher than normal, although comparable to those observed in starburst galaxies in the field. Table 7 gives the gas densities and metallicities of the starburst galaxies in our sample.
Column 2 shows the ratio [S II]λ6717/[S II]λ6731 from which we deduce the electron densities, in column 3, assuming a gas temperature of 10 4 K (Osterbrock 1989) . The densities are comparable to those found in giant H II regions in the nucleus of galaxies.
The metallicities, in column 4, were determined based on the metallicity-calibrated diagnostic diagram established by Coziol et al. (1994) and presented in Figure 3 . The mean uncertainty on the metallicities is 0.2 dex. In Figure 3 , the metallicities of the HCG starbursts are compared to those of a sample of Starburst Nucleus Galaxies (SBNGs) observed in the field (Coziol et al. 1997a (Coziol et al. , 1997c . As it can be seen, the mean metallicities of the HCG starbursts are comparable to those of the SBNGs in the field.
In Coziol et al. (1997a) it was shown that in the field the late-type SBNGs are 0.2 dex more metal rich on average than the early-type SBNGs. This difference in metallicity was explained by assuming different gas accretion rates during the formation of the galaxies:
-10 -the late-type SBNGs have accreted more gas than stars than the early-type SBNGs (Coziol et al. 1997a) . In Paper I, we noted that most of the HCG starbursts in our sample with a well-defined morphology are late-type galaxies. In Figure 3 , we see that the mean metallicity of the HCG starbursts is close to solar. The HCG starbursts look, consequently, more similar to the late than to the early-type SBNGs. This is another argument suggesting that most of the HCG starbursts in our sample are in late-type spiral galaxies. predicted by the luminosity-metallicity relation followed by the early-type SBNGs (Coziol et al. 1997a ) and the observed metallicity of the HCG starbursts. In Figure 4 , we can see that the metallicities of the HCG starbursts generally diverge from the values predicted by the luminosity-metallicity relation. The distribution of the differences is similar to the one observed for the late-type SBNGs in the field. A Kolmogorov-Smirnov test indicates that there is no difference between the Late-type SBNGs and HCG starburst distributions at the 5% significance level. Therefore, unless they are completely different from those in the field, most of the HCG starbursts in our sample must be late-type SBNGs.
The nature of the stellar population in the HCG galaxies
The study of the absorption lines in galaxies allows to determine the nature of the dominant stellar populations. By comparing the stellar populations in the HCG galaxies with those found in normal galaxies in the field we can verify if the evolution of these galaxies was influenced by their environment. But before doing such a comparison, we have to establish what is the observed pattern for normal galaxies, starburst and AGN galaxies in the field.
For normal galaxy spectra, the absorption features vary with their morphologies. This is due to a variation of the nature of the dominant stellar population in galaxies with -11 -different morphologies (Hamilton 1985; Rose 1985; Kennicutt 1992; Zaritsky, Zabludoff & Willick 1996) . In general, the EWs of different absorption lines trace a continuous sequence which correlates to morphology. This phenomenon is illustrated in Figure 5a where we show the behavior for the EW of the Ca II K line as a function of the EW of the G-band in a sample of normal spiral galaxies observed by Kennicutt (1992) . The EWs were measured here by Jablonka & Alloin (1995) . The EWs increase from the late-type to the early-type galaxies and follow the increases of age of the dominant stellar population.
In normal spiral galaxies, the dominant stellar population changes from the disk to the bulge. The stellar populations are generally older in bulges than in disks. This is illustrated in Figure 5b , where we show the behavior of the EW of the Ca II K line and of the G-band lines, as measured in the bulges of spiral galaxies by Jablonka et al. (1996) .
The EW of these two lines are comparable to those observed in elliptical galaxies (Jablonka et al. 1996) . This result is important as it suggests that the bulk of the stars in the bulges probably formed by similar processes than in elliptical galaxies (Jablonka et al. 1996) .
In the starburst and AGN galaxies, the change in the absorption line features with the morphologies are different than in the normal spiral galaxies. In Figure 5b , we show the relation of the EW of the Ca II K line with the one for the G-band, as measured in a sample of starburst galaxies by Storchi-Bergmann, Calzetti & Kinney (1994) . The low values of the EWs suggest that the spectra of the starbursts are dominated by young stellar populations, regardless of their morphologies. Therefore, we cannot determine the morphology of a starburst galaxy by the absorption features in its spectrum.
For the AGNs, the situation is more ambiguous than for the starbursts. In Figure 5c , we show the EW of the Ca II K line and of the G-band, as measured in a sample of Seyfert galaxies by Storchi-Bergmann, Kinney & Challis (1995) . In general, the Seyfert galaxies seem to follow the same morphological sequence as normal galaxies, but the dispersion -12 -in each morphological bin is large. In this kind of analysis we should consider a possible dilution effect due to the underlying featureless continuum of the AGN. Recently Cid Fernandes, Storchi-Bergman & Schmitt (1998) have shown that in the optical a dilution effect is observed only in Seyfert 1, not in Seyfert 2. In this latter case, therefore, the high dispersion of EWs values observed probably reflects the fact Seyferts 2 do not constitute, from the point of view of star formation, a homogeneous class of galaxies: some of these galaxies could be starburst while others are normal. This interpretation is supported by the recent observations showing intrinsic differences between the two types of Seyferts (see González Delgado et al. (1997) and Malkan, Gorjian & Tam (1998) ). The consequence for our analysis is that when an AGN is present the EWs of the galaxies are not clearly related to their morphologies.
From the previous discussion, we discriminate in Figure 5d three different regions related to three dominant stellar populations in galaxies: early-type galaxies, [E] [SB], which are dominated by young and massive stars, independent of their morphologies.
Having determined these regions, we can proceed to compare the stellar population in our sample of HCG galaxies with those of normal galaxies in the field. Figure 5d shows the results for the HCG galaxies with different activity types. The behaviors of the HCG starbursts and AGNs are consistent with the general trend observed for galaxies of their type. On the other hand, the HCG galaxies without emission and the LLAGNs all have smaller EWs than normal galaxies for their morphologies. This is surprising, because most of these galaxies are early-type and, consequently, we would have expected to find them clearly located in the E box.
In order to verify that this phenomenon is not due to spurious measurements of some -13 -absorption lines (the Ca II K line, for instance, is very near the border of our spectra and consequently hard to measure), we show in Figure 6 the same kind of analysis using the CN band. The behavior is the same: the non-emission galaxies and the LLAGNs have smaller EWs than normal galaxies for their morphologies. Note that following our methodology we expect to overestimate the EW values, which means that the real effect could even be more pronounced than what we have measured.
In Figures 5 and 6 , there seem to be no difference between the stellar populations of the non-emission line galaxies and the LLAGNs. It suggests that the AGN continuum in the LLAGNs has no effect on the EWs absorption lines due to their stellar population (the continuum of the AGN is probably too weak as already pointed out in Paper I). It seems, therefore, that the only way to explain the small EW values in all these galaxies is to assume the presence of younger stellar populations than usually observed in galaxies with similar morphologies.
To test this hypothesis, we examine in Figure 7 the behavior of the EW of Hδ as a function of the ratio (Ca II H + Hǫ)/Ca II K. The increase of the EW of the Balmer lines due to the presence of young stellar populations is already well established and documented (Dressler & Shectman 1994; Caldwell et al. 1996; Zabludoff et al. 1996; Poggianti & Barbaro 1996; Barbaro & Poggianti 1997) . The behavior of the (Ca II H + Hǫ)/Ca II K ratio due to the evolution of stellar populations is explained by Rose (1985) . This parameter was used recently by to estimate the age of post-starburst galaxies in Coma. In Figure 7 , we can see that the majority of the non-emission and LLAGN galaxies in our sample have higher values of EWs than normal galaxies for their morphologies. A mean value of EW(Hδ) = 1.7 is considered normal for late type spirals while EW(Hδ)= 2.5 is considered unusually "strong" (Poggianti & Barbaro 1996 Zabludoff et al. 1996 ).
-14 -Note that the EW(Hδ) values found for HCG post-starburst galaxies seem relatively low in comparison with those measured in post-starburst galaxies found in the literature.
This suggests that the "post-starburst" phase in the HCG galaxies is at a very advanced stage of evolution. This interpretation is consistent with the observed ratios (Ca II H + Hǫ)/Ca II K, which indicate a fraction of A type stars lower than 30% (Rose 1985) . Using the burst models of Poggianti & Barbaro (1996) and Barbaro & Poggianti 1997 , a rough estimate would place the last star formation burst more than 2 Gyrs in the past.
Stellar metallicities of the galaxies in the compact groups
In this section, we compare the stellar metallicities of HCG galaxies with those observed in normal galaxies (that is, non starburst and non AGN galaxies) with different morphologies. Our analysis is based on the Mg 2 index which is generally used to determine the metallicity of the stellar population in composite systems (Burstein et al. 1984; Brodie & Huchra 1990; Worthey, Faber & González 1992) .
In Figure 8a , we show the distribution of the Mg 2 index as a function of the morphological type in normal galaxies. The normal galaxies population is represented by elliptical and lenticular galaxies observed by Bender et al. (1993) and by a sample of spiral and lenticular bulges of galaxies observed by Jablonka et al. (1996) . As expected, the normal galaxies trace a sequence of increasing metallicities, going from the late-type spirals to the early-type galaxies. A similar sequence is observed for the metallicity of the gas in the spiral galaxies .
The Mg 2 index for the HCG galaxies are presented in Figure 8b . In general, the stellar metallicities in the HCG starbursts are comparable to those observed in the bulge of the late-type spiral galaxies. This reinforces our thesis that the HCG starbursts are mostly -15 -late-type spirals. The stellar metallicities of all the other non starburst HCG galaxies are also comparable to those observed in galaxies with similar morphologies. Note however that the average metallicity is high. In particular, the late-type HCG galaxies seem to have metallicities comparable to those of the early-type. The tendency of high metallicities for the late-type HCG galaxies in the HCG galaxies is better seen in Figure 9 , where we present the Mg 2 indices as a function of the absolute magnitudes of the galaxies. On average, the Mg 2 index is 0.04 mag higher for the HCG non starburst galaxies than for early-type galaxies with similar luminosities. In Figure 9 , we have also reported the values of Mg 2 as measured by Jorgensen (1997) 
Discussion
The main results of our analysis of the emission and absorption features of the galaxies in the compact groups may be summarized as follows:
1. Most of the HCG starbursts are late-type spirals. The star formation in these galaxies is higher than in normal spirals, but comparable to those found in starburst galaxies in the field. Compared to the other types of galaxies in the groups, the HCG starbursts have slightly lower metallicities, suggesting that their evolution was somehow different compared to the other galaxies in the group.
2. The non-emission line galaxies and the LLAGNs show unusually small equivalent widths and strong balmer lines for their morphologies. This suggests the presence of intermediate-age stellar population. However, the fraction of these stars seem to be much lower than in post-starburst galaxies found in the literature, suggesting a more -16 -advanced stage of evolution.
3. All the non starburst HCG galaxies have Mg 2 indices which are higher than for normal galaxies for their luminosities. In terms of metallicity ([Fe/H]), this would correspond to an excess of almost 0.4 dex.
Our observations are consistent with a scenario where the formation and evolution of galaxies in the compact groups are regulated by their environment. Merger, starbursts and/or gas stripping are probably the main processes behind the formation and evolution of these systems. Evidence of gas stripping is inferred from the fact that HCG galaxies are generally deficient in HI (Huchtmeier 1997; OOsterloo & Iovino 1997) . This process seems also a reasonable mechanism to explain the presence of diffuse X-ray emission observed in the groups (Ponman et al. 1996) . The gas stripping mechanism would also produce false post-starburst galaxies by truncation of star formation: the constant star formation of a spiral is artificially stopped due to the rapid depletion of the gas favoring the detection of the intermediate age stellar population. Skillman et al. (1996) have also suggested that the curtailment of the metal poor gas infall produced by gas stripping would contribute to increase substantially the gas metallicity of these galaxies. Note however, that in the HCG galaxies it is the stars which seem to be more metal rich. This implies that these stars were formed from previous star formation events, or that these galaxies are real post-starburst (similar phenomena is observed in Coma, see Caldwell & Rose 1997) . This is consistent with the observations by Verdes-Montenegro et al. (1997) which show CO depletion in the HCG galaxies. As noted by these authors, gas exhaustion by tidally induced star formation is probably the only way to produce the depletion of molecular gas, since tidal stripping is less likely for molecular gas concentrated in the inner disks. Other elements in favor of past induced star formation either by merger or interactions are the observations, also by Verdes-Montenegro et al. (1997) , of the presence of molecular gas in early-type galaxies -17 -(like in HCG 90 and HCG 86) and also the fact that the galaxies deficient in molecular gas are located in the most compact, and consequently dynamically most evolved groups.
But the strongest argument in favor of the role of merger for galaxy evolution in groups is the density-morphology-activity trend observed in HCGs (see Paper I): the most massive and early-type galaxies are AGNs or non-emission galaxies, mainly located in the core of the groups. In Ribeiro et al. (1998) , it was noted that most of the HCGs are embedded in larger structures forming extended halos around more dense and dynamically distinct cores displaying low velocity dispersions. Figure 10 shows the frequency distribution of peculiar velocities of the HCG galaxies of our sample relative to their group mean velocity. There is a clear tendency for the AGNs and galaxies without emission to have smaller peculiar velocities than the starbursts. Now, not only these galaxies have early-type morphologies but they are also more metal rich than the starburst galaxies which are predominantly in the halos. Therefore, the the cores are in a more advanced stage of evolution than the halos.
In the cores, because of their high density and low peculiar velocities, the interactions are more frequent and the galaxies evolve more rapidly than in the halos of the groups.
The fact that the galaxies in the core of the groups are more evolved than those in the halo only exacerbate the low crossing time paradox related to the evolution of these structures. Indeed, our observations suggest that the last burst of star formation occurred more than 2 Gyr in the past and that the present rates of star formation in these galaxies are relatively low. These observations are inconsistent with the short merging and dynamical time scales. Numerical simulations indicate that these systems are dinamically unstable, with an orbital decay timescale between 0.01 and 0.1 H −1
• (Barnes 1985 (Barnes , 1989 . One solution, other than assuming the presence of a large amount of dark matter, would be to suppose that the core of the groups formed relatively recently from the merging of smaller mass galaxies. One example of this process still going on today would be HCG 16 -18 - (Ribeiro et al. 1996 , Coziol & de Carvalho 1998 .
In the halos of the groups, the interactions are less frequent due to the lower densities and the higher peculiar velocities of the galaxies, allowing the formation and survival of the spirals over longer time scales. In this sense the fact that all HCG starbursts may be late-type spirals could be very significant.
Our observations are consistent with a scenario where the core of the groups are slowly collapsing and evolved structures embedded in a more extended system (Ribeiro et al. 1998 ). The fact that spirals in the halo are starbursts suggests that there is still a lot of activity going on in the halo. Following this activity, some of the starburst galaxies in the halo may fall into the core and enrich it in spirals.
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